Damirone A (1), damirone B (2), makaluvamine G (3), debromohymenialdisine (4), and dibromoagelaspongin (5) were examined for their ability to stimulate growth of seedling roots of barley (Hordeum vulgare L.), buckwheat (Fagopyrum esculentum Moench), corn (Zea mays L.), soy {Glycine max (L.) Merr.}, and wheat (Triticum aestivum L.). It was shown that the stimulatory effects depend on the chemical structure of the alkaloids and on the plant species. Compounds 1, 3, and 4 are efficient for growth of seedling roots of barley, compounds 2-5, at different concentrations, stimulate growth of buckwheat roots, and compound 5 stimulates growth of wheat roots. These compounds can be recommended for field study as plant growth stimulators.
Marine organisms provide a rich source of pharmaceutically active compounds [1] , but relatively little effort has been put into the study of agricultural use of marine metabolites [2] .
In the course of our search for new agrochemicals to improve harvest quantity and quality we examined five structurally diverse marine alkaloids, namely damirone A (1), damirone B (2), makaluvamine G (3), debromohymenialdisine (4) , and dibromoagelaspongin (5) (Figure 1 Makaluvamines and damirones, widely distributed among marine sponges of the genera Zyzzya [3] , belong to the chemical class of pyrroloquinolines. As can be seen from Tables 1-5 , stimulatory effects depend on the structure of the alkaloids and on the plant species. Damirone A (1) showed the maximum stimulatory effect (123.7%) on the growth of seedling roots of barley at a concentration of 10 -2 µg/mL. Damirone B (2), which differs from 1 by the absence of one methyl group, had a stimulatory effect on roots of barley of only 108.3% at the same concentration. Makaluvamine G (3) differs from 1 by possessing an NH-phydroxystyryl fragment instead of a carbonyl group. Compound 3 stimulated barley roots by 118.7% at a concentration of 0.1 µg/mL (Table 1) . Conversely, compounds 2 and 3 exhibited a stimulatory activity on roots of buckwheat (113.3% and 110.7%, respectively) at a concentration of 1.0 µg/mL, while compound 1 showed no effect on roots of this plant (Table 2) . With seedling roots of wheat (Table 5) , compounds 1 and 3 had only weak stimulatory effects of about 106%, and compound 2 showed no stimulatory activity. None of the tested pyrroloquinoline alkaloids 1-3 showed stimulatory effects on the growth of seedling roots of corn and soy (Tables 3 and 4) . Debromohymenialdisine (4) and dibromoagelaspongin (5) are examples of pyrrole-imidazole alkaloids, which are distributed among marine sponges of the genera Agelas, Axinella and Hymeniacidon [4] . Table 2 shows that compounds 4 and 5 exhibited a stimulatory effect on growth of seedling roots of buckwheat (115.3% and 112.3%, respectively) at a concentration of 0.1 µg/mL. Comparison of the stimulatory effects on the growth of seedling roots of barley (Table 1) showed that compound 4 stimulates their growth by 117.0% at a concentration of 10 -3 µg/mL, while compound 5 showed no stimulatory effect. Compounds 4 and 5 also showed no stimulatory effect on the growth of seedling roots of corn and soy (Tables 3 and 4 ). Of all the tested alkaloids, only compound 5 at a concentration of 10 µg/mL increased the growth of seedling roots of wheat by 121% (Table 5 ).
The obtained results showed that compounds 1, 3, and 4 are efficient for growth stimulation of seedling roots of barley, whereas compounds 2, 3, 4, and 5, at different concentrations, stimulate growth of buckwheat seedling roots, and compound 5 stimulates growth of seedling roots of wheat. Thus, the studied marine alkaloids are promising, since they demonstrated growth stimulatory effects on the germination of seedling roots of crops, and, therefore, could be recommended for field study as plant growth stimulators.
Experimental
Animal material: The marine sponge Z. fuliginosa (Mid Island, Australian Great Barrier Reef, 1989), Agelas sp. 1 (Christmas Island, Australian Great Barrier Reef, 1990) and Agelas sp. 2 (North-West Australia, 1990) were collected using SCUBA during scientific cruises of R/V "Academik Oparin". Extraction and isolation: Z. fuliginosa (25 g) was extracted with CHCl 3 and then with MeOH. The CHCl 3 extract was fractionated on a silica gel column with CHCl 3 -MeOH (4:1). Two obtained fractions were purified on a Sephadex LH-20 column in CHCl 3 -MeOH (4:1) to obtain 1 (17 mg) and 2 (10 mg). Compounds 1 and 2 were identified by comparison of their spectroscopic data with published values [5] . The MeOH extract was chromatographed on a silica gel column with CHCl 3 -MeOH (1:1) and a Sephadex LH-20 column with MeOH to obtain 3 (5 mg), which was identified based on consistency with literature data [6] .
The sponge Agelas sp.1 (25 g) was extracted with EtOH. The EtOH extract was fractionated on a silica gel column in CHCl 3 -MeOH (4:1). After purification of a yellow fraction on a Sephadex LH-20 column in MeOH, compound 4 (20 mg) was isolated. It was identified by comparison of spectroscopic data with published values [7] .
Agelas sp. 2 (45 g) was extracted with EtOH. The EtOH extract was chromatographed on a silica gel column in CHCl 3 -MeOH (1:1). One fraction, which gave a color with diazotized benzidine on TLCplates, was rechromatographed on a Sephadex LH-20 column in CHCl 3 -MeOH (2:1) to obtain 5 (6 mg), which was identified based on consistency with literature data [8] .
Phytoregulating activity: The seeds of corn (Zea mays L.), buckwheat (Fagopyrum esculentum Moench), soy (Glycine max (L.) Merr.), barley (Hordeum vulgare L.) and wheat (Triticum aestivum L.) were harvested in 2012. The assay was adapted from published method [9] . Twenty dry seeds were placed on a strip of a filter paper (12 cm  42 cm) moistened with a solution of a test compound at different concentrations (0 -10 µg/mL). Strips were rolled and placed into beakers with a solution of a test compound (100 mL) to incubate for 3 days at 26-27°C. Seeds grown in distilled water were used as control. Tests were carried out for each concentration in triplicate. The length of a main root of a seedling was measured after incubation. The length of roots of a control was taken as 100%. Results were expressed as percentage of the control (M ± se). Data were analyzed using Origin 7.0 software. The significance of the results between control and test samples was estimated using the Student t-criterion (p < 0.05).
